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@ The improved slide bearing assembly comprises 
at least a shaft (10) and a bush (9) that is formed of 
a porous iron-base sintered material. The bush (9) is 
impregnated with a lubricant oil having a viscosity of 
2.4 to 15 cm^/s. The bearing assembly can be 
operated In slow- and high-pressure applications 
without oil refillings for a prolonged period of at least 
several years. The shaft is preferably formed of an 
iron or a steel member that have been subjected to 
a treatment of surface modification. The slide bear- 
ing assembly is preferably used in such an environ- 
ment that the working pressure applied to the sliding 
surface is at least 600 bar and that the sliding speed 
Is in the range 2-5 cm/sec. 



FIG.1 
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BACKGROUND OF THE INVENTION 

This invention relates to a slide bearing assem- 
bly and, more particularly, to a slide bearing as- 
sembly that can be operated in slow- and high- s 
pressure applications without oil refillings for a pro- 
longed period. 

To operate the drive mechanism of excavators 
such as construction machines, the respective 
parts of the mechanism are coupled together in a io 
rotatable or swingable manner so that they can be 
driven with a cylinder and other actuators. Take, for 
example, a hydraulic shovel having a bucket coup- 
led to the arm at the dista! end. To perform ex- 
cavation with the bucket, the bucket cylinder is 75 
reciprocated so that the bucket rotates or swings 
about the point where it is coupled to the arm. To 
this end. the bucket is coupled to the arm by 
means of a slide bearing assembly comprising a 
shaft and a bush. 20 

Fig. 14 is a cross-sectional view of a prior art 
slide bearing assembly. As shown, a boss 1 has a 
bush 2 fitted therein. A dust seal 3 is pressed 
against both ends of the bush 2. A bracket 6 is 
provided at both ends of the boss 1 and a shim 5 2S 
is inserted in the gap between the boss 1 and each 
bracket 6. An O-ring 4 is fitted around each of the 
gaps. A shaft 7 is inserted through the bracket 6 at 
one end, the bush 2 and the bracket 6 at the other 
end. The shaft 7 is prevented from rotating by 30 
means of an engagement bolt 8 passing through 
the shaft 7 and the bracket 6 at one end. A grease 
feed hole 30 is formed that runs from the other end 
of the shaft 7 to the middle of the bush 2. A 
stopper 32 is threaded into one end of the feed 35 
hole 30. which is filled with grease 34. 

During excavation, a slow but extremely large 
pressure is applied to the surfaces of the slide 
bearing assembly. Under the circumstances, the 
sliding surfaces must be amply supplied with a 40 
thick lubricant such as grease in order to prevent 
the occurrence of sticking, galling, uneven wear 
and other troubles in early periods. To this end, 
frequent grease refillings are necessary but the 
refilling operation is not always easy to perform. 45 

Another problem with grease refilling is that the 
old grease which has turned liquid must be dis- 
charged out of the bearing before it is refilled with 
new grease. Such discharge and refilling oper- 
ations are usually performed at excavation sites. so 
The discharged liquid grease is disposed of by 
being scattered over the surface of the soil at the 
site but this can cause a pollution problem. With 
the recent concern over environmental protection, it 
is particularly desired to refrain from discarding or ss 
scattering the liquid grease over the soil surface 
during the preparation of housing sites and garden- 
ing operations in urban areas. 
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\A^th a view to maintaining lubricity on the 
sliding surfaces for a prolonged period without re- 
filling grease and other lubricants, various methods 
have been developed, as exemplified by embed- 
ding a solid lubricant in the sliding surface of a 
bush (see Fig. 15. |n which the bush 2 has graphite 
particles 36 embedded in the sliding surface). Oth- 
er methods include forming the bush of self- 
lubricating plastics or using unconventional means 
such as a magnetic bearing and a pneumatic bear- 
ing. However, magnetic and pneumatic bearings 
are not suitable for use in high-load applications. 
Bearings that use solid lubricants (e.g. graphite) or 
self-lubricating materials (e.g. plastics) also have 
their own limitations. In the former case, the touch 
between base metal parts makes the occurrence of 
microscopic "galling" unavoidable. In the latter 
case, the insufficient strength and hardness of self- 
lubricating materials may occasionally result in a 
sudden occurrence of abnormal wear or deforma- 
tion (creep). 

SUMMARY OF THE INVENTiON 

An object, therefore, of the present Invention is 
to provide a slide bearing assembly that can be 
operated in slow-and high-pressure applications 
without oil refillings for a prolonged period of at 
least several years. 

This object of the invention can be attained by 
a slide bearing assembly comprising at least a 
shaft and a bush that is formed of a porous iron- 
base sintered material, characterized in that the 
bush is impregnated with a lubricant oil having a 
viscosity in the range from 240 to 1 500 dSt. 

The shaft is preferably formed of an iron or a 
steel member that have been subjected to a treat- 
ment of surface modification. 

The slide bearing assembly of the invention is 
preferably used in such an environment that the 
working pressure applied to the sliding surfaces is 
at least 6.0 kgf/mm^ and that the sliding speed is in 
the range from 2 to 5 cm/sec. 

The slide bearing assembly of the invention 
has a high-viscosity lubricant oil impregnated in a 
porous bush and, hence, can be operated continu- 
ously for a prolonged period, say, for at least 5 
years without oil refillings even in a slow- and high- 
pressure working environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view showing sche- 
matically an example of the slide bearing as- 
sembly of the invention; 

Fig. 2 is a cross-sectional view showing en- 
larged a part of the sliding interface between the 
shaft and the bush in the slide bearing assembly 



2 



3 



EP b 655 562 A2 



4 



shown in Fig. 1 ; 

Fig. 3 is a graph showing characteristic- curves 
for the relationship between pressure and fric- 
tionai coefficient, taking as a parameter the vis- 
cosity of the lubricant oil to be impregnated in s 
the bush of the slide bearing assembly of the 
invention; 

Fig. 4 is a graph comparing the tribological 
characteristic of a prior art grease-fed slide 
bearing assembly and that of the slide bearing w 
assembly of the Invention which is impregnated 
with a high-viscosity lubricant oil; 
Rg. 5 is a graph showing how much the bush of 
the slide bearing assembly of the invention wore 
when it was subjected to continuous swinging is 
motions for 800 hours; 

Fig. 6 is a graph showing how much the shaft of 
the slide bearing assembly of the invention wore 
when it was subjected to continuous swinging 
motions for 800 hours; 20 
Rg. 7a is an ir spectroscopic chart for a fresh 
virgin lubricant oil; 

Rg. 7b is an ir spectroscopic chart for the black 
viscous lubricating substance that formed when 
the bush impregnated with said lubricant oil and 2s 
the shaft were caused to slide for 100 hours; 
Fig. 8 is a chart constructed by X-ray identifica- 
tion and analysis of a dried powder of the solid 
matter that was separated from the oily content 
of the black viscous lubricating substance; 30 
Fig. 9a is a waveform chart showing the result of 
measurement with a probe-type roughness me- 
ter of the sliding surface profile of shaft 10 that 
was disconnected from the slide bearing assem- 
bly after the formation of the black viscous 35 
lubricating substance was verified; 
Rg. 9b is a waveform chart showing the sliding 
surface profile of bush 9 that was disconnected 
from the assembly; 

Fig. 10 is a graph showing characteristic curves 4o 
for the relationship among frictional coefficient, 
temperature and sliding time that demonstrate 
the effect of the combined use of a high-viscos- 
ity lubricant oil and grease In the slide bearing 
assembly of the invention; 45 
Rg. 11 is a cross-sectional view showing sche- 
matically part of another example of the slide 
bearing assembly of the invention; 
Fig. 12 is a cross-sectional view showing sche- 
matically part of yet another example of the 50 
slide bearing assembly of the invention; 
Rg. 13 is a cross-sectional view showing sche- 
matically part of still another example of the 
slide bearing assembly of the Invention; 
Rg. 14 Is a cross-sectional view showing a prior 55 
art grease-fed slide bearing assembly; and 
Rg. 15 is a perspective view showing schemati- 
cally, with part taken away and partially in sec- 



tion, a prior art bush having the particles of a 
solid lubricant embedded in its Inner surface. 

THE PREFERRED EMBODIMENTS OF THE IN- 
VENTION 

The slide bearing assembly of the invention is 
described below specifically with particular refer- 
ence to drawings. 

Rg. 1 shows in cross section an example of 
the slide bearing assembly of the Invention. It has 
basically the same construction as the prior art 
version Illustrated in Fig. 14 and. hence, the follow- 
ing description uses the same reference numerals 
to explain the same parts or members as those 
shown in Rg. 14. The slide bearing assembly 
shown in Rg. 1 also has a bush 9 fitted in the boss 
1 . A bracket 6 Is provided at both ends of the boss 
1 and a shim 5 is inserted in the gap between the 
boss 1 and each bracket 6. An O-ring 4 is fitted 
around each of the gaps. A shaft 10 is inserted 
through the bracket 6 at one end. the bush 2 and 
the bracket 6 at the other end. The shaft 10 is 
prevented from rotating by means of an engage- 
ment bolt 8 passing through the shaft 10 and the 
bracket 6 at one end. 

The bush 9 in the slide bearing assembly of 
the invention is made of a porous composite sin- 
tered alloy that is typically formed from a copper 
and an iron powder. Porous bushes made of other 
materials may also be used. The bush has prefer- 
ably a porosity of about 5 - 30%. If the porosity is 
less than 5%. the impregnation of the bush with the 
high- viscosity lubricant oil is so small that there is 
the likelihood that it cannot be used as a compo- 
nent of a bearing assembly that needs no oil refil- 
lings. If the porosity is higher than 30%, the me- 
chanical strength of the bush becomes too small to 
prevent its breakage during service. The pores in 
the bush preferably communicate with one another. 

In accordance with the invention, the porous 
bush described above is impregnated with a high- 
viscosity lubricant oil having a viscosity in the 
range from 2.4 to 15 cm^/s. Below 2.4 cm^/s the 
fluidity of the lubricant oil is so high that it be- 
comes difficult to retain the oil within the pores in 
the bush and unwanted troubles such as "galling" 
may occur during service, thus rendering it impos- 
sible to use the bearing assembly for a prolonged 
period without oil refillings. Beyond 15 cm^/s, the 
lubricant oil exuding over the sliding surfaces due 
to frictional heat will not readily return to the porous 
interior and the desired sliding characteristic cannot 
be maintained consistently over a prolonged pe- 
riod. 

The lubricant oil to be impregnated in the po- 
rous bush is not limited to a particular formulation 
insofar as its viscosity is within the range specified 
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above. Mineral oils, synthetic oils and all other 
comnnercjal lube oil. formulations can be used in 
the invention. It should, however, t>e noted that 
grease is not suitable for Impregnation in the bush 
since it contains fibers. The lubricant oil to be used 
in the invention may contain the fine particles 
(£500 um) of solid lubricants such as M0S2. WS2. 
hexagonal BN, and graphite. These fine particulate 
solid lubricants are particularly effective in the case 
where the slide t)earing assembly of the invention 
is used in cold climates. 

When impregnating the porous bush with the 
high-viscosity lubricant oil, the latter may be heated 
to make it less viscous and the bush is Immersed 
In the resulting liquefied oil and left to stand in a 
vacuum atmosphere. As a result, air Is sucked out 
of the pores in the bush, which in turn are filled 
with the liquid oil. if the bush thusly impregnated is 
recovered into the air atmosphere and left to cool 
to room temperature, the liquid oil in the pores In 
the bush loses fluidity and retums to the initial 
highly viscous state. Thus, the high-viscosity lubri- 
cant oil can be retained within the pores In the 
bush. The temperature at which the high-viscosity 
lubricant oil Is to be heated is not limited to any 
particular value and is variable with the specific 
viscosity of the lubricant oil. Hence, the lubricant oil 
may be heated until it turns liquid. This is an easy 
work to carry out for a person skilled in the art. The 
time for which the bush is immersed in the lique- 
fied lubricant oil and the degree of vacuum in 
which it is to be placed are not particulariy limited, 
either, since they also depend on the viscosity of 
the lubricant oil to be used. What is important is 
that the bush should be immersed in the liquefied 
lubricant until the pores in the bush are saturated 
with the oil. Consider, for examples, the case 
where a lubricant oil having a viscosity of 4.6 cm^/s 
is heated to 60 - 80 " C and the bush is immersed 
in the heated oil at a reduced pressure of 3 Pa; the 
pores in the bush will be saturated with the lubri- 
cant oil in about one hour. 

The shaft 10 is made of an iron or steel ma- 
terial. The iron or steel shaft 10 is preferably car- 
burized, nitrided and rf quenched, followed by 
modification of its outer surface by suitable meth- 
ods including the formation of a conversion coating 
of zinc phosphate, manganese phosphate or the 
like, and sulfurizing. Although the exact reason is 
not clear, the thus modified surface of the shaft is 
improved in "wetting" with the high-viscosity lubri- 
cant oil impregnated in the bush and this results in 
corresponding improvements in the lubricating ef- 
fect of the lubricant oil and tribologial characteris- 
tics of the bearing assembly. The sliding surface of 
the bush 9 is also preferably modified by suitable 
methods including carburization. nitriding and sul- 
furizing. For example, a carburizeition hardened lay- 



er formed in a thickness of 1 - 3 mm, preferably 
about 2 mm, on the sliding surface of the bush 9 
will contribute to a higher wear resistance of the 
bush. 

5 The boss 1 can be tightly fitted over the bush 

9 by any of the methods such as shrink fit that are 
well known to a skilled person in the art. 

Fig. 2 is a cross-sectional view showing sche- 
matically enlarged a part of the interface Ijetween 

70 the bush 9 and the shaft 10. As shown, the high- 
viscosity lubricant oil impregnated in the pores 14 
In the porous bush 9 will exude over the inner 
periphery of the bush 9 to form a thin oil film 18, 
which provides a sliding Interface between the 

T5 bush 9 and the shaft 10 and exhibits a sufficient 
lubricating effect to assure desired tribological 
characteristics. The high-viscosity lubricant oil im- 
pregnated in the pores in the bush has such a slow 
degree of flowability that it will not escape from the 

20 bush even if the latter repeats sliding movements 
relative to the shaft. As a result, the lubricant oil 
film 18 will be kept supplied consistently over an 
extremely long period. Thus, the slide bearing as- 
sembly of the invention can be positively operated 

25 for an extended period of time without any refilling 
of the lubricant oil. In the prior art, "galling" occurs 
between the shaft 10 and the bush 9 which are 
driven to slide against each other under a low but 
high load and this is caused by the microscopic 

30 metal touch between the two members. However, 
in the present Invention in which the bush 9 is 
impregnated with the lubricant oil having a viscos- 
ity between 2.4 and 15 cm^/s, the microscopic "oil 
reservoir (oil film 18)" contributes to the total ab- 

35 sence of damage due to galling and other troubles. 

Turning back to Rg. 1, the amount of the high- 
viscosity lubricant oil impregnated in the bush 9 
will occasionally exceed the supply that is neces- 
sary and sufficient to form the oil film 18 (see Fig. 

40 2) and the excess amount may exude over the 
sliding interface between the shaft 10 and the bush 
9. The primary reason for this exudation would be 
that the frictional heat from the sliding of the shaft 

10 against the bush 9 causes the lubricant oil to 
45 expand with a certain drop in viscosity. If the 

exuding liquefied lubricant oil leaks out of the bear- 
ing assembly, not only the tribologial characteris- 
tics as observed between the shaft 10 and the 
bush 9 will deteriorate but also an undesired envi- 

50 ronmental pollution will occur as in the conventional 
case of using grease. To prevent this problem, the 
slide bearing assembly of the invention has an oil 
shield 12 provided at both ends of the bush 9 and 
dust seals 3 are pressed between the shaft 10 and 

55 the boss 1 in such a way that they urge the oil 
shields 12 against the ends of the bush 9. Thee oil 
shields 12 are preferably formed of a soft, elastic 
and oil-absorbing material. Exemplary materials 
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that have these properties include nonwoven fab- 
rics, woven fabrics, porous elastic plastics, sponge, 
asbestos and felts. Felts are preferred from the 
viewpoints of cost, durability and oil absorption. 
The liquefied lubricant oil exuding out of the bush 9 5 
and moving in the longitudinal direction will contact 
the felt-made oil shield 12 at either end of the bush 
9 and is absorbed by the felt, thereby insuring that 
the liquefied lubricant oil is effectively prevented 
from leaking out of the bearing assembly. io 

FiQ. 3 is a characteristic diagram showing the 
relationship between pressure and fricttonal coeffi- 
cient, with the viscosity of lubricant oil in the bush 
being taken as a parameter. To construct this dia- 
gram, three carburized and quenched bushes were is 
fabricated of a porous (15%) composite sintered 
alloy from a copper and an iron powder and then 
impregnated with lubricant oils having different vis- 
cosities, 2.3 cm2/s (IDEMITSU DAPHNE SUPER 
GEAR 230 commercially available from Idemitsu 20 
Petro-Chemical Co.. Ltd.). 3.6 cm^/s (IDEMITSU 
DAPHNE SUPER GEAR 360 of Idemitsu Petro- 
chemical Co.. Ltd.) and 4.6 cm^/s (IDEMITSU 
DAPHNE SUPER GEAR 460 of Idemitsu Petro- 
Chemical Co., Ltd.), by the method already de- 25 
scribed hereinabove. Using the bushes, slide bear- 
ing assemblies of the design shown in Rg. 1 were 
constructed. Various values of pressure were ap- 
plied to the sliding surfaces of those bearing as- 
semblies and galling resistance measurements 30 
were conducted with each assembly being allowed 
to swing through an angle of 120 degrees. As is 
clear from the data shown in Fig. 3, the assembly 
using the bush impregnated with the lubricant oil of 
the lowest viscosity experienced galling at a pres- 35 
sure of about 500 bar; on the other hand, the 
assemblies using the bushes impregnated with the 
lubricant oils having viscosities of 3.6 and 4.6 cm^/s 
according to the invention did not show the sligh- 
test sigh of galling at pressures of 1 kbar and 40 
above. 

Fig. 4 is a diagram comparing the tribological 
characteristic of a prior art grease-fed slide bearing 
assembly and that of the slide bearing assembly of 
the invention which is impregnated with a high- 45 
viscosity lubricant oil. The design of the prior art 
grease-fed slide bearing assembly was as shown in 
Rg. 14. The shaft 7 was made of a steel (rf 
quenched S45C) and so was the bush 2. The 
grease was DAPHNE COLONEX EP No. 2 com- 50 
mercially available from Idemitsu Kosan Co., Ltd. 
The design of the invention slide bearing assembly 
impregnated with a high-viscosity lubricant oil was 
as shown in Fig. 1. The shaft 10 was made of a 
steel (rf quenched S45C) and the bush 9 was made 55 
of a carburized and quenched porous (15%) com- 
posite sintered alloy (Fe/Cu). This bush was im- 
pregnated with a lubricant oil having a viscosity of 
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4.6 cm2/s(IDEMITSU DAPHNE SUPER GEAR 460 
of Idemitsu Petro-chemica! Co., Ltd.). As is clear 
from the data shown in Rg. 4, the prior art grease- 
fed slide bearing assembly already showed a sign 
of galling at a pressure greater than 500 bar ; on 
the other hand, the bearing assembly of the inven- 
tion did not show the slightest sign of galling even 
when the pressure exceeded 1 kbar. 

Rgs, 5 and 6 are characteristic diagrams show- 
ing the amounts of wear that occurred in the bush 
and the shaft, respectively, of the slide bearing 
assembly of the invention when it was subjected to 
continuous swinging motions for 800 hours. The 
bearing assembly had the basic construction 
shown in Fig. 1. The shaft 10 was made of a steel 
(rf quenched S45C) and the bush 9 was made of a 
carburized and quenched porous (15%) composite 
sintered alloy (Fe/Cu). This bush was impregnated 
with a lubricant oil having a viscosity of 4.6 cm^/s 
(IDEMITSU DAPHNE SUPER GEAR 460 of 
Idemitsu Petro-Chemical Co., Ltd.). The testing 
conditions were as follows: pressure. 800 bar ; 
swing angle, 120 degrees; load direction, constant- 
peripheral speed, 12 rpm. The results of measure- 
ments are shown in Rg. 5 for four swinging direc- 
tions, XI. X2. Y1 and Y2. As is clear from Rg. 5, 
the bush was substantially free of uneven wear 
even after the lapse of 800 hours and the result 
was independent of the swinging direction. Simi- 
lariy, the shaft was substantially free of uneven 
wear even after the lapse of 800 hours and the 
result was also independent of the swinging direc- 
tion (see Rg. 6). The amount of wear that occurred 
in the bush and the shaft was also very small and 
did not exceed about 0.4 mm. These results dem- 
onstrate that the slide bearing assembly which 
used the sintered bush impregnated with the high- 
viscosity lubricant oil according to the invention did 
not experience any galling during the continuous 
800-h operation even at a pressure as high as 800 
bar. 

The present inventors found that when the 
slide bearing assembly of the invention was sub- 
jected to sliding motions for a specified time (say. 
about 50 hours) after assembling, there was pro- 
duced a black viscous lubricating substance other 
than the lubricant oil impregnated in the bush. This 
black viscous lubricating substance is assumed to 
be the product of the mechanochemicai reaction 
caused by the sliding of the shaft against the bush. 
The mixture of the lubricant oil impregnated in the 
bush and the subsequently formed black viscous 
lubricating substance would contribute to the re- 
alization of prolonged sliding operations without oil 
refillings. The term "mechanochemistry" means 
the changes such as those in structure, phase 
transfer, reactivity, adsorptivity and catalytic activity 
that are caused by applying mechanical energies, 
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eg. milling, friction, drawing and compression, to 
solid substances (see lwanami*s Dictionary of 
Physicochemistry, 4th Ed., p. 1276). 

Figs. 7 and 8 are ir spectroscopic charts show- 
ing the results of compositional analysis of the 
black viscous lubricating substance. Rg. 7a refers 
to IDEMITSU DAPHNE SUPER GEAR 460 Impreg- 
nated fresh and virgin in the bush 9: and Rg. 7b 
refers to the black viscous lubricating substance 
which was produced when the bush impregnated 
with that lubricant oil and the shaft were allowed to 
slide for 100 hours. As is clear from Rg. 7b, the 
black viscous lubricating substance showed notice- 
able additional absorption bands at wavelengths of 
1720 cm"^ and 1660 cm""^ in the ir range. The 
absorption at 1720 cm~^ could be assigned to a 
carbonyl group (ester) and the absorption at 1660 
cm~^ to a carbon-carbon double bond (olefin). 
These results verified that a chemical change oc- 
curred In the lubricant oil Impregnated In the bush. 

Rg. 8 Is a chart constructed by X*ray iden- 
tification and analysis of a dried powder of the solid 
matter that was separated from the oily content of 
the black viscous lubricating substance. Obviously, 
the solid matter was chiefly composed of Si02, 
FesO^. C, graphite and a-Fe203. Combining this 
result with the data shown in Fig. 7, one can verify 
that a mechanochemical reaction occurred in the 
part of sliding of the shaft 1 0 against the bush 9. 

Fig. 9 is a set of waveform charts showing the 
results of measurements with a probe-type rough- 
ness meter of the sliding surface profiles of shaft 
10 and bush 9 that were disconnected from the 
slide bearing assembly after the formation of the 
black viscous lubricating substance was verified. 
Rg. 9a refers to the surface roughness of the shaft 
10. As is clear from this figure, the sliding interface 
between the shaft 10 and the bush 9 was improved 
to a specular state with a surface roughness of 1 
um or less compared to the value 10-12 am 
which was observed before driving the assembly. 
On the other hand, the area of contact with the 
shaft 10 and the dust seal 3 which would not slide 
against the bush, as well as the rf quenched por- 
tion of the shaft 10 remained as rough as in the 
initial case (before driving the assembly). Fig. 9b 
refers to the surface roughness of the bush 9, 
showing that the entire sliding surface of the bush 
9 was obviously improved to a specular state with 
a surface roughness of 1 um or less. "Galling" 
which would otherwise occur frequently between 
the shaft 10 and the bush 9 was totally absent. 

In principle, there is no need to use grease 
with the slide bearing assembly of the invention. 
However, the lubricant oil impregnated in the bush 
is yet to exude over the sliding surfaces just after 
the start of use of the bearing assembly and, 
hence, "galling" may develop if high pressure is 



exerted on the unlubricated sliding surfaces of the 
, shaft and the bush. To prevent the occurrence of 
this "initial galling", grease Is preferably applied to 
the surfaces of either the shaft or the bush or both 

5 before they are assembled. Preferably, grease is 
applied to the surfaces of the shaft in an amount of 
0.001 - 0.1 g/cm2, more preferably 0.005 - 0.015 
g/cm^, most preferably 0.01 g/cm^. The preassem- 
bly application of grease is effective not only in 

10 preventing the occurrence of "initial galling" but 
also in facilitating the subsequent assembling of 
the shaft and the bush. If grease Is applied In an 
amount less than 0.001 g/cm^. It is Incapable of 
preventing the occurrence of "initial galling". If 

75 grease is applied in an amount greater than 0.1 
g/cm^, not only does it interfere with the assem- 
bling operation but it will be liquefied after the shaft 
starts to slide against the bush and may potentially 
leak out of the bearing assembly. If grease Is 

20 applied in the optimal amount 0.01 g/cm^, it will 
form a film about 0.1 mm thick between the shaft 
and the bush, proving the most effective in pre- 
venting the occurrence of "initial galling" while 
insuring that the bearing assembly can be con- 

25 structed in a very efficient manner. 

In certain machines, the slide bearing assem- 
bly is subject to the application of pressures of 800 
bar of more to local surface areas on account of 
"uneven touch" under eccentric loads during the 

30 driving of the assembly. With such machines, the 
completed bearing assembly may be driven to 
perform sliding motions for a period of 50 - 200 
hours, preferably 75 - 150 hours, more preferably 
100 - 130 hours, so that the shaft and the bush are 

35 "broken in" and, thereafter, grease is supplied over 
the sliding surfaces of the shaft and the bush in an 
amount of 0.001 - 0.1 g/cm^, preferably 0.005 - 
0.015 g/cm^, more preferably 0.01 g/cm^. If the 
time of post-completion sliding is shorter than 50 

40 hours, the shaft and the bush will not be sufficiently 
"broken in" so that the combined use of grease 
may occasionally fail to exhibit its intended effect. 
If the time of post-completion sliding is longer than 
200 hours, "uneven touch" is prone to occur and 

45 the chance of "galling" will increase. Hence, 
grease is preferably supplied before such "galling" 
occurs. If the time of post-completion sliding is 
between 100 and 130 hours, the shaft and the bush 
are satisfactorily "broken in" and, in addition, the 

50 presence of both the high-viscosity lubricant oil in 
the bush and the product of mechanochemical 
reaction will substantially eliminate the chance of 
the occurrence of "galling" due to "uneven touch". 
Therefore, if grease is to be supplied, it is best 

55 injected when 100 - 130 hours have passed since 
the start of post-completion sliding. If grease is 
injected in an amount less than 0.001 g/cm^, it is 
incapable of preventing the occurrence of "galling" 
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due to "uneven touch". If grease Is injected in an 
amount greater than 0.01 g/cm^, part of the lique- 
fied grease may sometimes leak out of the bearing 
assembly, if grease is injected in the optimal 
amount 0.01 g/cm^, the liquefied grease will stay 5 
over the sliding surfaces of the shaft and the bush 
with minimum chance of leakage out of the bearing 
assembly and yet most satisfactory prevention of 
"galling" is accomplished. 

Rg. 10 is a characteristic diagram showing the io 
relationship among frictionai coefficient, tempera- 
ture and sliding time that demonstrates the effect 
of injecting grease after the post-completion sliding 
of the bearing assembly. The data shown in Rg. 10 
were attained with a bench test apparatus simulat- 75 
ing an actual machine and that was operated under 
the following conditions; pressure. 800 bar; swing 
angle. 120*; toad direction, constant; peripheral 
speed, 12 rpm. For temperature measurements, a 
thermocouple (alumel/chromel wires) was spot 20 
welded to the porous bush and the frictionai heat 
developing between the shaft and the porous bush 
was measured in terms of the thermoelectromotive 
force. For frictionai coefficient measurements, the 
torque developing between the porous bush and 25 
the shaft was measured with a non-contacting 
torque meter (Kyowa Electronic Instruments Co.. 
Ltd.) and the corresponding frictionai coefficient 
was determined by the equation u = T/N«r, where 
IX is the frictionai coefficient, T is the torque pro- 30 
duced, N is the vertically applied load, and r is the 
radius of the shaft. Referring to the frictionai coeffi- 
cient curve in Fig. 10, portion <1) corresponds to 
the effect achieved by the grease as applied in an 
amount of 0.01 g/cm^ prior to assembling and, 35 
obviously, the frictionai coefficient dropped to 0.03; 
portion (2) corresponds to the state where the post- 
completion sliding caused most of the preliminarily 
applied grease to be exhausted from the sliding 
surfaces of the shaft and the bush (i.e.. the initial 4q 
state of the process in which the shaft and the 
bush were "broken in") and, obviously, the fric- 
tionai coefficient rose to a value between 0.10 and 
0.13; dashed line (3) shows that the frictionai coeffi- 
cient dropped sharply down to 0.03 as soon as 45 
grease was supplied in an amount of 0.01 g/cm^ 
over the sliding surfaces of the shaft and the bush 
when 1 25 hours passed after the start of the post- 
completion sliding; and portion (4) is a stable range 
over which the frictionai coefficient was maintained so 
at values of no more than 0.02. Such low values of 
frictionai coefficient were maintained invariably 
even after the passage of 1000 hours. One can 
also understand from Fig 10 that the temperature 
profile was identical to the above-discussed profile 55 
of frictionai coefficient. Grease will deteriorate with 
increasing temperature but as can be seen from 
Rg. 10, temperature is maintained at a substan- 
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tially constant level in the slide bearing assembly 
of the invention and, hence, the deterioration of 
grease is negligible. This enables the extension of 
grease injection intervals to 1000 hours of longer. It 
should, however, be noted that this advantageous 
effect of injecting grease after the post-completion 
sliding is synergism with the impregnation of the 
high-viscosity lubricant oil in the bush and in the 
absence of the high-viscosity lubricant oil from the 
bush, grease must be refilled at 100-h intervals. 

The slide bearing assembly of the invention is. 
in principle, to be used without refilling of lubricant 
oils or grease but, as mentioned a few paragraphs 
ago, certain machines justify the feeding of grease 
in combination with the high-viscosity lubricant oil. 
In this case, the bearing assembly 10 shown in Fig. 
1 may be provided with a grease feed hole as 
indicated by 32 in Rg. 14 which shows a prior art 
slide bearing assembly. 

Rg. 1 1 is a partial cross-sectional view showing 
another example of the slide bearding assembly of 
the invention. As shown, the bush 9 Is provided 
with a crown 20 at both ends and this is for 
assuring higher reliability in strength in anticipation 
of uneven touch between the shaft 10 and the bush 
9 which will typically occur on account of their 
clearance or deformation of the shaft. 

Rg. 12 is a partial cross-sectional view showing 
yet another example of the slide bearing assembly 
of the invention. If soil, sand, etc. enter the bearing 
assembly via the O-rings 4 [an example of such 
intrusion is Si02 having a Vickers hardness (Hv) of 
about 1000]. they will exhibit their wearing action to 
cause wear and other damage to the boss 1 and 
the brackets 6. In order to avoid this problem, the 
assembly shown in Rg. 12 is equipped with wear- 
resisting plates 22 that have a hardness compara- 
ble to or higher than that of the soil, sand, etc. 
These wear-resisting plates 22 are effective not 
only in improving the tribological characteristics of 
the bearing assembly and the strength of the bear- 
ing per se but also in preventing the occurrence of 
rattling. 

Rg. 13 is a partial cross-sectional view showing 
a further example of the slide bearing assembly of 
the invention. As shown, a high-strength bush 24 
made of an iron or a steel (e.g. S45C quenched 
steel) is interposed between the bush 9 (made of a 
porous composite sintered alloy) and the boss 1 
with a view to compensating for the insufficiency of 
strength in both end portions of the bush 9. The 
additional bush 24 enables the slide bearing as- 
sembly of the invention to be used with the ap- 
plication of even higher pressures to the sliding 
surfaces of the assembly. 

The slide bearing assembly of the invention is 
particularly suitable for use under such conditions 
that the pressure applied to the sliding surfaces is 



7 



13 



EP 0 655 562 A2 



14 



at least 600 bar whereas the PV value is at least 
100 bar«m/s. Stated more specifically, the slide 
bearing assembly of the Invention is particularly 
adapted for use In slow- and high-pressure appllca- 
.tions as exemplified by a bearing in the front part s 
of an excavator, a bearing in the arm of a crane, a 
bearing in a roller gate on the sluice of a dam. a 
bearing in a vertically slidable cam on a press 
mold, a bearing for water wheel guide vanes in 
hydroelectric power generation and a bearing for io 
an unloader pin on a marine crane. 

Porous oil-filled bearings per se are known to 
be capable of use without oil refillings and they 
include, for example, oil-filled bearings made from 
cast copper alloys and those made from sintered ts 
powders. The conventional porous oil-filled bear- 
ings use lubricant oils of comparatively low viscos- 
ities and, under the application of high pressures to 
the sliding surfaces of the shaft and the bush, the 
viscosity of the lubricant oil will decrease further on 20 
account of the frictiona! heat from the sliding of the 
shaft against the bush. This fact, combined with the 
sliding motions of the shaft against the bush, will 
cause a substantial amount of the lubricant oil to 
be exhausted from both the bush and the sliding 2s 
surfaces in the early stage of operation. With the 
resulting great loss of the lubricant oil. the interval 
between oil refillings may be increased to some 
extent but it certainly is impossible to drive the 
bearing for a prolonged period of at least several 30 
years without any oil refillings. Further, the conven- 
tional porous oil-filled bearings have been operated 
with PV values less than 100 bar • m/s; however, 
with the recent models of excavators which feature 
higher efficiencies and greater output powers, it is 35 
strongly desired that their front parts be operated 
with PV values of 100 bar. m/s and more while 
exhibiting frictiona! coefficiencies (ii) of no more 
than 0.15. However, none of the conventional po- 
rous bearings which are impregnated with low- 40 
viscosity lubricant oils are capable of providing 
slide bearing assemblies that satisfy these require- 
ments and which yet can be used for a prolonged 
period without any oil refillings. 

In contrast, the present invention offers a slide 45 
bearing assembly that is suitable for use in high- 
pressure 600 bar) environments and which yet 
can be subjected to sliding motions for a prolonged 
period of at least several, say, five years without 
any oil refillings, so 

Claims 

1. A slide bearing assembly comprising at least a 

shaft (10) and a bush (9) that is formed of a 55 
porous iron-base sintered material, charac- 
terised in that said bush (9) is impregnated 
with lubricant oil having a viscosity in the 



range from 2.4 to 15 cmVs (240 to 1500 cSt). 

2. The bearing assembly of claim 1 . wherein said 
shaft (10) is made of an iron or a steel that has 
been carburised. rf quenched and nitrided, fol- 
lowed by the formation of a conversion coating 
or sulfurising to modify the surface thereof. 

3. The bearing assembly of claim 1 or 2, wherein 
said bush (9) is made of a composite sintered 
alloy of iron and copper powder having a po- 
rosity of 5 to 30 %, wherein the pores (14) in 
said bush communicate with one another, and 
wherein said bush has its surface modified by 
carburisation, nitriding or sulfonitriding. 

4. The bearing assembly of any preceding claim, 
wherein said lubricant oil contains particles of 
at least one solid lubricant selected from 
among M0S2, WS2. hexagonal BN and graph- 
ite, said particles having sizes of no more than 
500 utm. 

5. The bearing assembly of any preceding claim, 
wherein an oil shield member (12) is provided 
in contact with either end of said bush (9). 

6. The bearing assembly of claim 5, wherein said 
oil shield member (12) is formed of a soft, 
elastic and oil-absorbing material, preferably of 
non-woven fabric, woven fabric, porous elastic 
plastic material, sponge, asbestos or felt. 

7. The bearing assembly of any preceding claim, 
wherein said bush is provided with' crown por- 
tions (20). 

8. The bearing assembly of any preceding claim, 
including a bracket (6) positioned at either end 
of a boss (1), having the bush (9) provided in 
contact with the inner periphery thereof, 
wherein a very hard wear-resistant plate is 
provided between the sliding surfaces of said 
boss and each of said brackets. 

9. The bearing assembly of any preceding claim, 
including a boss (1), and two concentric 
bushes (9, 24) within said boss, one (24) of 
which is a high-strength bush provided radially 
outward and positioned in contact with the 
inner periphery of said boss (1 ) while the other 
(9) is a porous composite sintered alloy bush 
provided radially inward of said high-strength 
bush (24). 

10. The bearing assembly of any preceding claim, 
having the product of mechanochemica! reac- 
tion at the sliding surfaces of said shaft (10) 
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and said bush (9), said reaction product having 
been formed as a result of sliding of said shaft 
against said bush. 

11. The bearing assembly of any preceding claim, 5 
for use with a pressure of at least 600 bar 
being applied to the sliding surfaces. 

12. The bearing assembly of claim 11, for use at a 
sliding speed of 2 - 5 cm/sec. io 

13. The bearing assembly of any preceding claim, 
for use with a pressure of at least 800 bar 
being applied to the sliding surfaces, wherein 
either the shaft (10) or the bush (9) is coated is 
with grease in an amount of 0.001 - 0.1 g/cm^, 
preferably 0.005 to 0.015 g/cm^, and even 
more preferred 0.01 g/cm^ the shaft is then 
inserted into the bush for assembling, followed 

by sliding the shaft against the bush for a 20 
period of 50 - 200 h, preferably 75 - 150 h, 
and even more preferred 100 - 130 h, and 
wherein grease is subsequently supplied over 
the sliding surfaces of the shaft and the bush 
in an amount of 0.001 - 0.01 g/cm^, preferably 25 
0.005 to 0.015 g/cm^, and even more preferred 
0.01 g/cm^. 

14. Use of the bearing assembly of any preceding 
claims in the front part of an excavator, in the 30 
arm of a crane, In a roller gate on the sluice of 

a dam. in a vertically slidable cam on a press 
mould, for water wheel guide vanes in hydro- 
electric power generation, or for an unloader 
pin on a marine crane. 35 
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